
Left ventricular beat to beat performance in atrial
fibrillation: dependence on contractility, preload,
and afterload

H J Muntinga, A T M Gosselink, P K Blanksma, P J De Kam, E E Van Der Wall,
H J G M Crijns

Abstract
Objective—To assess independent deter-
minants of beat to beat variation in left
ventricular performance during atrial
fibrillation.
Design—Prospective study.
Setting—University hospital.
Patients—Seven patients with chronic
non-valvar atrial fibrillation.
Interventions—Invasive and non-invasive
haemodynamic variables were assessed
using a non-imaging computerised nu-
clear probe, a balloon tipped flow directed
catheter, and a non-invasive fingertip
blood pressure measurement system
linked to a personal computer.
Main outcome measures—Left ventricu-
lar ejection fraction, left ventricular vol-
ume, ventricular cycle length, pulmonary
capillary wedge pressure, and measures of
left ventricular afterload (end systolic
pressure/stroke volume) and contractility
(end systolic pressure/end systolic vol-
ume) were calculated on a beat to beat
basis during 500 consecutive RR intervals.
A statistical model of the beat to beat vari-
ation of the ejection fraction containing
these variables was constructed by multi-
ple regression analysis.
Results—Positive independent relations
with ejection fraction were found for
preceding RR interval, contractility, and
end diastolic volume, while inverse rela-
tions were found for afterload, preceding
end systolic volume, and preceding con-
tractility (all variables, p < 0.0001). A
relatively strong interaction was found
between end diastolic volume and after-
load, indicating that ejection fraction was
relatively more enhanced by preload in
the presence of low afterload.
Conclusions—The varying left ventricular
systolic performance during atrial fibril-
lation is independently influenced by beat
to beat variation in cycle length, preload,
afterload, and contractility. Beat to beat
variation in preload shows its eVect on
ventricular performance mainly in the
presence of a low afterload.
(Heart 1999;82:575–580)
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The randomly irregular ventricular response to
atrial fibrillation1 not only causes an irregular
but also an unequal pulse.2 3 Beat to beat varia-

tion in ventricular performance has been as-
cribed to variations in the length of the preced-
ing heart period,2 beat to beat variation in
preload by means of the Frank–Starling
mechanism,4 beat to beat variation in
afterload,5 6 beat to beat variation in contractil-
ity, acting either by the interval–contractility
relation7 or by means of postextrasystolic
potentiation,8 or a combination of these factors.9

In a previous study of left ventricular beat to beat
performance in patients with non-valvar atrial
fibrillation, we showed that the interval–force
relation rather than the Frank–Starling mech-
anism explained the varying left ventricular
systolic performance during atrial fibrillation
over the entire range of RR intervals.9 The con-
tribution of beat to beat variation in preload—
that is, the Frank–Starling mechanism—to vary-
ing left ventricular function during atrial
fibrillation was limited to short preceding inter-
vals. The contribution of aortic impedance, that
is afterload, as well as other beat to beat regula-
tory mechanisms, including the positive and
negative eVects of ejection10 11 and the preceding
beat contraction history12 could not be evaluated
owing to the absence of simultaneous measure-
ment of left ventricular volume and (aortic)
pressure measurement on a beat to beat basis.

Our aim in the present study was therefore to
assess the proportion to which the haemody-
namic regulatory mechanisms determine the
beat to beat variation in left ventricular
performance during atrial fibrillation. For this
purpose we used a non-imaging computerised
nuclear probe13 14 which allowed beat to beat
left ventricular volume measurement and inva-
sive and non-invasive haemodynamic monitor-
ing. In this way we collected extensive haemo-
dynamic data on a beat to beat basis in a large
number of consecutive beats.

Methods
PATIENTS AND STUDY PROTOCOL

Seven patients with chronic atrial fibrillation
were included (table 1). To avoid blunting of
cycle length dependent haemodynamic changes
by valvar heart disease, in particular mitral
stenosis,3 4 only patients with non-valvar atrial
fibrillation were studied. Before the study, all
patients underwent M mode and Doppler echo-
cardiography. All antiarrhythmic drugs, includ-
ing digitalis and calcium antagonists, were
stopped at least five drug half lives before the
study. The study was approved by the institu-
tional review board and written informed
consent was given by all seven patients.
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NUCLEAR PROBE

To measure relative left ventricular volumes on
a beat to beat basis, a commercially available
non-imaging computerised nuclear probe (Nu-
clear Stethoscope, Bios, Valhalla, New York,
USA) was used.14 15 Methods have been
described previously by our group.9 16 In short,
equilibrium blood pool labelling was obtained
by the in vivo labelling of red blood cells with
20 mCi 99mTc. To search for the optimal
position of the detector, the technique recom-
mended by the manufacturer was used—
monitoring of the continuously displayed
values of stroke counts and ejection fraction.14

At the optimal left ventricular position, the
values of stroke counts and ejection fraction
were maximal, and minimal for the back-
ground position. The analogue output from the
probe, as well as the ECG, was fed into a per-
sonal computer with custom developed soft-
ware. This system allowed continuous real time
display and permanent recording of a simulta-
neously acquired high temporal resolution
radionuclide left ventricular time–activity
curve (or background activity level), and an
ECG signal. After final probe positioning, beat
to beat data were acquired during 500
consecutive beats. Beat to beat analysis of the
time–activity curve allowed instantaneous as-
sessment of relative left ventricular volume.

HAEMODYNAMIC MEASUREMENTS

A balloon tipped flow directed catheter (Swan-
Ganz) was used to measure pulmonary capil-
lary wedge pressure on a beat to beat basis.
Directly before the start of the recording of 500
consecutive beats per patient, cardiac output
was measured using the thermodilution
method. The mean value of three measure-
ments was used to calculate the individual fac-
tor which allows the conversion of measured
counts to millilitres. This factor equals the ratio
of cardiac output and the product of stroke
counts and heart rate. Peripheral blood pres-
sure was assumed to change in parallel with
aortic pressure. To measure peripheral blood
pressure a non-invasive fingertip blood pres-
sure measurement system (Finapres, Ohmeda

TM 2300, Inglewood, Colorado, USA) was
used which allows accurate measurement of
systolic and diastolic blood pressure on a beat
to beat basis (comparable with intra-arterial
measurement17). In essence, the method is
based on a control loop, consisting of an inflat-
able finger cuV equipped with an infrared pho-
toplethysmographic device to measure the fin-
ger artery blood volume under the cuV.18 The
system is set to maintain a null transmural
pressure. Changes in arterial blood volume
caused by pressure changes, detected by
plethysmography, are counteracted by means
of a fast electropneumatic servo system which
modulates the cuV pressure.

DATA PROCESSING.
The data obtained were simultaneously fed
into a personal computer, enabling accurate
beat to beat calculation (and storage) of
ejection fraction, left ventricular volume, left
ventricular cycle length, pulmonary capillary
wedge pressure, and peripheral blood pressure
in a large number of consecutive beats (fig 1).
Using these pressure and volume data, left

Table 1 Baseline characteristics of the seven study patients and mean (SD) values of measured and calculated independent variables determining left
ventricular ejection fraction over 500 consecutive cycles, arranged by ejection fraction

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Sex M F M M M M M
Age (years) 64 67 36 61 61 42 45
Underlying heart disease IHD RHD Lone Lone IHD DCM Lone
Arrhythmia duration (months) 2 168 4 6 56 1.5 10
LA diameter, long axis view (mm) – 47 41 45 50 52 –
LV end diastolic diameter (mm) 55 45 50 51 55 70 40
LV end systolic diameter (mm) 42 29 38 38 37 58 30
Mean RR interval (ms) 427 (138) 610 (131) 589 (134) 776 (259) 632 (147) 885 (302) 729 (137)

Range 180 to 930 410 to 1150 180 to 1210 170 to 1670 330 to 1160 330 to 1880 510 to 1250
Mean LV ejection fraction (%) 25 (15) 30 (9) 31 (12) 38 (12) 41 (8) 42 (10) 46 ( 7)

Range 1 to 71 7 to 54 3 to 61 2 to 62 8 to 60 2 to 67 31 to 63
Mean LV end diastolic volume (ml) 136 (36) 215 (33) 142 (24) 211 (40) 136 (17) 180 (27) 184 (21)

Range 52 to 230 152 to 335 76 to 190 112 to 314 67 to 164 82 to 231 125 to 228
Mean LV end systolic volume (ml) 99 (25) 148 (20) 97 (18) 129 (23) 80 (7) 105 (24) 98 (14)

Range 41 to 178 111 to 221 57 to 137 73 to 226 53 to 98 52 to 162 76 to 144
Pulmonary wedge pressure (mm Hg) 21 (5) 22 (3) 18 (2) 9 (2) 24 (6) 9 (3) 9 (2)

Range 10 to 35 17 to 27 13 to 28 4 to 33 3 to 38 4 to 30 4 to 17
Mean LV contractility (mm Hg/ml) 1.2 (0.4) 1.0 (0.2) 1.1 (0.2) 1.3 (0.3) 1.2 (0.01) 1.2 (0.4) 1.5 (0.2)

Range 0.2 to 3.1 0.7 to 1.5 0.7 to 1.9 0.7 to 2.4 1.17 to 1.21 0.2 to 2.8 1.0 to 3.2
Mean LV afterload (mm Hg/ml) 7.3 (12.7) 2.9 (2.6) 3.6 (4.3) 3.2 (5.1) 1.9 (1.0) 1.8 (1.7) 1.8 (0.4)

Range 0.5 to 114.9 1.3 to 25.0 1.1 to 41.6 1.0 to 52.1 0.8 to 13.8 0.5 to 26.6 1.0 to 2.0

DCM, dilated cardiomyopathy; IHD, ischaemic heart disease; LA, left atrial; lone, “lone” arrhythmia; LV, left ventricular; RHD, rheumatic heart disease.

Figure 1 Schematic drawing showing the relation between
the QRS complex on the ECG, the definition of the index
interval, preceding and pre-preceding interval (pRR and
ppRR, respectively), and the timing of the volume and
pressure measurements. During the index interval, EDV
(end diastolic volume), ESP (end systolic pressure), and
ESV (end systolic volume) were measured. During the
preceding interval, pEDV, pESP, and pESV (indicating
preceding EDV, ESP, and ESV, respectively), and during the
pre-preceding interval ppEDV, ppESP, and ppESV
(indicating pre-preceding EDV, ESP, and ESV, respectively)
were measured.
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ventricular afterload of the index interval was
defined as the ratio of end systolic pressure and
stroke volume (ESP/SV),19 20 and left ventricu-
lar contractility of the index interval as the ratio
of end systolic pressure and end systolic
volume (ESP/ESV).21 In this way, left ventricu-
lar afterload and left ventricular contractility
values of the index interval, preceding interval,
and pre-preceding interval were calculated on a
beat to beat basis. Pulmonary capillary wedge
pressure (PCWP) and end diastolic volume
(EDV) were used as indices of left ventricular
preload of the index interval.

STATISTICAL ANALYSIS

The validity of a multivariate model of left ven-
tricular beat to beat performance in atrial
fibrillation, described previously by our group,9

was tested using the same non-invasive haemo-
dynamic variables measured in the present
patients—that is, preceding RR interval, pre-
preceding RR interval, end diastolic volume,
and preceding end systolic volume. A measure
of the fit of a model to the data, in this study left
ventricular ejection fraction, was the model
correlation (R2).

To estimate univariate associations with the
dependent variable left ventricular ejection
fraction, the independent factors from our pre-
vious model were analysed together with the
following newly measured and calculated
factors: pulmonary capillary wedge pressure,
afterload, contractility of the index cycle,
contractility of the preceding cycle, and
contractility of the pre-preceding cycle. The
significant variables describing ejection frac-
tion in our previous model were complemented
by the haemodynamic factors obtained in the
present study which showed significant uni-
variate associations with ejection fraction
(p < 0.05), to assess independent determinants
of the ejection fraction in a mixed eVects
model. In this model the variation between the
patients was included as an additive variation
term. Using a backward selection method,
variables with a t test parameter < 10 were
deleted from the model. Clinically relevant
potential one way interaction terms were
evaluated in addition. The independent vari-
ables were introduced as centred terms, by
subtracting the mean.

Results
The same results as before were derived when
the non-invasive variables describing a previ-
ous multiple regression model of left ventricu-
lar ejection fraction9 were obtained from the
present patients and fitted into the previous
model. The model correlation (R2) was now
0.70, comparable to the value found previously
(0.73). After adding the new variables (pulmo-
nary capillary wedge pressure, left ventricular
afterload, left ventricular contractility of the
index beat, contractility of the preceding beat,
and contractility of the pre-preceding beat), the
final model used the following equation:

where EF is the left ventricular ejection
fraction; P1 to P7 are eVects for the seven
patients; â1 to â7 are regression coeYcients for
the independent variables and their interaction
terms, which determine left ventricular ejec-
tion fraction; pRR is the preceding RR interval;
EDV is end diastolic volume; pESV is preced-
ing end systolic volume; ESP/SV is the ratio of
end systolic pressure and stroke volume; and
ESP/ESV and pESP/pESV are the ratios of end
systolic pressure and end systolic volume of the
index beat and of the preceding cycle, respec-
tively. In addition, the model shows one
interaction term. The model correlation (R2) in
the new model was 0.87.

Baseline characteristics of the seven study
patients, individual echocardiographic dimen-
sions, ejection fractions, and haemodynamic
measurements, as well as their ranges during
500 consecutive cardiac cycles, are shown in
table 1. Table 2 summarises the results of the
univariate correlation analysis. Pulmonary cap-
illary wedge pressure was the only variable
which had only a weak correlation with ejection
fraction in the univariate analysis (p > 0.01).
All other variables tested had significant
univariate correlations with ejection fraction
(p < 0.01). The strongest univariate correla-
tions were present between ejection fraction
and preceding RR interval, end diastolic
volume, contractility, and afterload (all t test
parameters > 10). The relations between these

Table 2 Independent variables and their univariate
associations (t values) with left ventricular ejection fraction

t Value

pRR 41.12
PpRR 4.67
EDV 21.74
PCWP −2.37
pESV −5.53
Afterload −31.53
Contractility 28.18
p-Contractility 8.48
pp-Contractility 9.75

Afterload, end systolic pressure/stroke volume; Contractility,
end systolic pressure/end systolic volume; p-Contractility,
preceding end systolic pressure/preceding end systolic volume;
pp-Contractility, pre-preceding end systolic pressure/pre-
preceding end systolic volume; EDV, end diastolic volume;
pESV, preceding end systolic volume; PCWP, pulmonary capil-
lary wedge pressure; pRR, preceding RR interval; ppRR,
pre-preceding RR interval.

Figure 2 Positive relation between preceding RR interval
and left ventricular (LV) ejection fraction in one of the
patients. There is a curvilinear relation with ejection
fraction, remaining rather constant at long RR intervals.
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independent variables and the dependent vari-
able left ventricular ejection fraction and are
illustrated in figs 2 to 5. Figure 2 shows the
positive relation between preceding RR interval
and ejection fraction in one of the patients.
Figure 3 shows the positive relation between
end diastolic volume and ejection fraction in
the same patient. Figure 4 shows an example of
the positive relation between contractility of the
index cycle (ESP/ESV) and left ventricular
ejection fraction. Figure 5 shows an example of
the inverse relation between afterload (ESP/
SV) of the index cycle and left ventricular ejec-
tion fraction.

MULTIPLE REGRESSION ANALYSIS

Table 3 summarises the factors to which
ejection fraction was significantly related in the
multiple regression analysis. Preceding RR
interval, left ventricular end diastolic volume,
and left ventricular contractility of the index

beat showed an independent positive relation
with ejection fraction, whereas the preceding
end systolic volume, the left ventricular after-
load of the index beat, and the contractility of
the preceding beat showed an independent
inverse relation with ejection fraction.

EFFECTS OF INTERACTIONS ON LEFT

VENTRICULAR EJECTION FRACTION

There was one separate statistically significant
one way interaction term which met the criteria
for staying in the final model (table 3). Figure 6
illustrates the influence of the interaction
between left ventricular end diastolic volume
and afterload of the index beat. For a given end
diastolic volume, the ejection fraction was rela-
tively less enhanced if the afterload was high,
whereas with low afterload, end diastolic
volume had a greater eVect on the ejection
fraction.

Discussion
Our study describes a statistical model of the
beat to beat variation of ejection fraction in
atrial fibrillation. In this multivariate model of
the beat to beat changes in ejection fraction,
beat to beat variation of contractility, preceding
contractility, as well as preload and afterload
determined ejection fraction of the index beat.
The most important t test parameter of the
multiple regression analysis appeared to be

Figure 3 Positive relation between left ventricular (LV)
end diastolic volume and LV ejection fraction in the same
patient as in fig 2.
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Figure 4 Example of the positive relation between left
ventricular (LV) contractility of the index cycle (ESP/ESV
indicates the ratio of end systolic pressure and end systolic
volume) and LV ejection fraction in the same patient as in
fig 2.
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Figure 5 Example of the negative relation between left
ventricular (LV) afterload of the index cycle (ESP/SV
indicates the ratio of end systolic pressure and stroke
volume) and LV ejection fraction.
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Table 3 Independent variables and their association with
left ventricular ejection fraction with multiple regression
analysis*

Regression
coeYcient

SE of
regression
coeYcient t Value

pRR 0.0092 0.00057 16.13
EDV 0.1771 0.00508 34.80
pESV −0.2664 0.00724 −36.82
Afterload −1.0475 0.05173 −20.25
Contractility 21.9391 0.46395 47.29
p-Contractility −14.9105 0.52436 −28.44
EDV*afterload −0.0081 0.00071 −11.52
Intercept 37.1621 0.22925 162.10

*p < 0.0001 for all comparisons.
Afterload, end systolic pressure/stroke volume; Contractility,
end systolic pressure/end systolic volume; p-Contractility,
preceding end systolic pressure/preceding end systolic volume;
EDV, end diastolic volume; pESV, preceding end systolic
volume; pRR, preceding RR interval.

Figure 6 EVect of the interaction between left ventricular
(LV) afterload (ESP/SV indicates the ratio of end systolic
pressure and stroke volume) and LV end diastolic volume
(EDV) on LV ejection fraction. The curves are based on the
multiple regression model. All other variables were fixed on
their mean value. With rising afterload, ejection fraction
decreases. The interaction shows that with low afterload, the
eVect of end diastolic volume on the ejection fraction is
relatively large, whereas with high afterload the ejection
fraction was relatively less influenced by end diastolic
volume.
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contractility of the index cycle. The present
model filled in the previously described
model,9 and the addition of measures of
preload, afterload, and contractility improved
the strength of the model markedly.

EFFECT OF CONTRACTILITY ON EJECTION

FRACTION

The finding that left ventricular beat to beat
variation of contractility during atrial fibrilla-
tion is strongly related to beat to beat variation
of left ventricular ejection fraction is in
agreement with results of previous
studies.3 7 8 22 23 In addition, ejection fraction
was related to contractility of the preceding
cycle. This observation confirms earlier reports
which showed that cardiac performance might
be dependent on the mechanical events of
more than one preceding beat.8 12 In the
univariate analysis, left ventricular ejection
fraction was positively influenced by preceding
contractility. However, multivariate analysis
showed an inverse relation between left ven-
tricular ejection fraction and preceding con-
tractility. The positive univariate relation be-
tween these variables is apparently described
by other parameters in the multivariate model,
so that in the multivariate model the true nega-
tive relation is exposed. The positive univariate
relation between preceding contractility and
the ejection fraction may be explained by the
model described by Hardman et al, in which
the eVect of postextrasystolic potentiation
decays over a number of beats.8 The positive
relation between contractility of the preceding
beat and the ejection fraction was, however, not
demonstrated in the present multivariate
model. This may be because measures of con-
tractility of the index beat show a relatively
strong eVect on left ventricular ejection frac-
tion compared with the contractility of the pre-
ceding cycle.

The origin of the remaining negative multi-
variate relation between the contractility of the
preceding cycle and the left ventricular ejection
fraction is more diYcult to establish, although
it may be found in the same model by
Hardman et al.8 A short pre-preceding cycle
will be poorly restituted mechanically, and is
followed by a weak contraction. The following
ejection will be strengthened owing to post-
extrasystolic potentiation. However, the scope
of the present model does not allow such con-
clusions to be drawn. In order to elucidate the
origin of the complicated relation between left
ventricular ejection fraction and preceding
contractility, a study needs to be performed
into the relative dependency of left ventricular
contractility, preceding contractility, and cycle
length fluctuations.

EFFECT OF PRELOAD AND AFTERLOAD INDICES ON

EJECTION FRACTION

The positive relation between left ventricular
end diastolic volume and ejection fraction con-
firms findings of previous studies in which the
eVect of the Frank–Starling mechanism on
ejection fraction in patients with non-valvar
atrial fibrillation was demonstrated.4 5 9 In a
previous study by our group this contribution

of the Frank–Starling mechanism to the
varying ejection fraction was, however, limited
to situations of short preceding cycle lengths
and long pre-preceding cycle lengths.9 The
interactions between end diastolic volume and
preceding and pre-preceding RR interval were,
however, not demonstrable in the present
model and were described by the remaining
interaction between end diastolic volume and
afterload.

The interaction between left ventricular end
diastolic volume and afterload indicates that
the ejection fraction was relatively more
influenced by variations in preload in the pres-
ence of a low afterload compared with the
influence of preload in the presence of a high
afterload. This suggests that the role of the
Frank–Starling mechanism in the determina-
tion of the ejection fraction in patients with
atrial fibrillation is restricted to situations in
which afterload is low, which may be the situa-
tion in the presence of a short pre-preceding
RR interval. After a short pre-preceding inter-
val only a small volume of blood will be ejected
and the rise in aortic pressure will be small. As
a result, the runoV in the aorta will be consid-
erable and aortic impedance (that is, afterload)
during the next beat will be relatively low,
resulting in an increased ejection fraction.5 6

EFFECT OF CYCLE LENGTH FLUCTUATIONS ON

LEFT VENTRICULAR EJECTION FRACTION

After the addition of the above mentioned
determinants of contractility and afterload to
our previous model,9 the influence of the
preceding RR interval on left ventricular
ejection fraction, measured by its t test param-
eter, tended to be less in the present multivari-
ate model. In addition, the relation between
pre-preceding RR interval and ejection fraction
did not even achieve a t test parameter value
high enough to remain in the final model. Part
of the relation between preceding RR interval
and ejection fraction and the entire relation
between pre-preceding RR interval and ejec-
tion fraction were apparently described by
other parameters which had not been included
in our previous model. In our opinion, this is
related to the predominating eVect of the
interval–force relation determining the variable
left ventricular performance in atrial fibrilla-
tion. In the presence of a long preceding RR
interval, mechanical restitution will be com-
plete and the following ejection will be
strengthened, whereas in the presence of a
short pre-preceding RR interval contractility of
the index beat will be high (“postextrasystolic
potentiation”).8 24 25 These cycle length fluctua-
tions influence ejection fraction indirectly by
their eVect on contractility, but also by their
eVect on afterload. Taking contractility and
afterload into account when assessing the
origin of the fluctuations of ejection fraction in
atrial fibrillation, this strongly replaces the
influence of random cycle length fluctuations.

CLINICAL IMPLICATIONS

The eVects of beat to beat variations of cycle
length, contractility, preload, and afterload on
the variation of the pulse during atrial fibrilla-
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tion have been described in earlier reports.8–10

These mechanisms are probably responsible
for the adverse haemodynamics produced by
the irregularity of the pulse in atrial
fibrillation.26 27 The mutual proportions in
which these mechanisms contribute to the beat
to beat left ventricular systolic performance in
patients with non-valvar atrial fibrillation, as
measured by left ventricular ejection fraction,
are demonstrated in our present study. In order
to optimise haemodynamics in patients with
atrial fibrillation, the origin of the beat to beat
variations of contractility, preload, and
afterload—that is, random cycle length
fluctuations—may be a starting point for
therapeutic options, as was demonstrated for
transcatheter ablation of the atrioventricular
junction and pacemaker implant resulting in a
regular ventricular rhythm.28 Another starting
point for therapeutic options in these patients
may be optimisation of left ventricular after-
load without reduction of preload and contrac-
tility. The latter option, however, remains to be
investigated.

LIMITATIONS

First, although patients with valvar heart
disease were excluded from this study, patients
were still relatively heterogeneous with respect
to underlying heart disease. This, and the small
number of patients, precluded subgroup analy-
sis. Moreover, this was not the primary target of
the present study. Second, the description of
contractility and afterload by ESP/ESV and
ESP/SV depends on the accuracy of the
approximation of end systolic aortic pressure
by non-invasive measurement of peripheral
blood pressure. Although the values of ESP
equal that of intra-arterial blood pressure
measurement,18 they diVer significantly from
aortic systolic pressure on physiological
grounds. However, the beat to beat variability
of ESP will equal that of aortic systolic
pressure. Therefore, the approximation of aor-
tic systolic pressure by ESP would change the
values of the regression coeYcients of the mul-
tiple regression analysis for afterload, contrac-
tility of the index cycle, and contractility of the
preceding cycle, but not the value of the t test
parameter.

CONCLUSIONS

The varying left ventricular systolic perform-
ance measured by left ventricular ejection frac-
tion in atrial fibrillation is dominated by varia-
tions of contractility, probably caused by the
interval–force relation. Beat to beat variations
in preload and afterload play a more modest
role. The presence of preload and afterload
variations may result from random cycle length
fluctuations as well. Beat to beat variations in
preload, consistent with the Frank–Starling
mechanism, show their eVect on ventricular
performance mainly in the presence of a
reduced afterload.
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